Case report
A 41-year-old primigravid woman was referred to the antenatal clinic at 30 weeks of gestation for right-sided headache in April 2009. She had enjoyed good past health without any history of migraine. She complained of on-and-off dull pain over the right temporal region since 27 weeks of gestation. There was no radiation of the pain. The headaches had no particular aggravating or relieving factors, nor was there any other associated neurological symptom or visual disturbance. She had no history of head injury, limb weakness, or convulsions. The blood pressure was 110/69 mm Hg and there was no proteinuria. Neurological examination was unremarkable. She was managed as migraine and given simple analgesics. The headache was mild thereafter, until 37 weeks.
She was admitted at 37 2 / 7 weeks with a sudden increase in right-sided headache and diplopia for 2 days. The headache was persistent in nature and partially controlled by treatment with paracetamol. The diplopia subsided after rest. She also complained of right-sided retro-orbital pain and pulsating tinnitus.
Physical examination yielded a mild right proptosis, but no chemosis or dilated vessels in the conjunctiva. The blood pressure was normal (114/72 mm Hg) and no proteinuria was detected. Neurological examination (including fundoscopy of both eyes) was normal, as was visual acuity. The symphysis-fundal height corresponded to the gestational age. The fetus was in cephalic presentation and engaged, and the fetal heart rate was normal. Neurological assessment confirmed right-sided proptosis and a bruit was heard over the right orbit. The provisional diagnosis was carotid cavernous fistula (CCF). Plain computed tomography of the brain before delivery revealed a dilated right superior ophthalmic vein and prominent right cavernous sinus (Fig 1) . The findings were compatible with the diagnosis of a CCF.
After joint assessment with a neurologist, elective caesarean section was recommended so as to avoid any Valsalva manoeuvre during vaginal delivery, and to allow planned and timed delivery at term to facilitate subsequent investigations and treatment. Uncomplicated lower segment caesarean section was performed at 37 5 / 7 weeks under general anaesthesia, and a healthy baby girl weighing 2.6 kg was delivered. General anaesthesia was preferred in view of incomplete investigation of the cerebral lesion and uncertain risk of raised intracranial pressure at that juncture.
The patient was transferred to the neurosurgical ward for further management on postoperative day 5. She recovered well from the caesarean section, but still complained of persistent episodes of right-sided headache without further diplopia. Ophthalmological assessment revealed that the intra-ocular pressure, eye movements, and visual acuity of both eyes were all normal. Digital subtraction angiography was performed on postoperative day 7, and showed multiple dural arteriovenous fistulae (AVF) connecting branches of the right external carotid artery to the anterior compartment of right cavernous sinus. The AVF also involved the dilated right superior ophthalmic vein and drained into the facial vein (Fig 2) . Several small dural AVF were also found to connect the right ophthalmic artery to the right superior ophthalmic vein. 
Spontaneous carotid cavernous fistula complicating pregnancy
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Embolisation of the CCF was performed 7 weeks after delivery. Selective catheterization of the anterior compartment of the cavernous sinus was successfully achieved through the external jugular vein, retromandibular vein and then via the superior ophthalmic vein using an Excel 14 microcatheter that transcended via a 300-floppy microguidewire. Embolisation was achieved using matrix coils. Complete embolisation was confirmed by arteriography. The entire procedure was uneventful and well-tolerated.
Discussion
Carotid cavernous fistulae involve one or more abnormal arteriovenous communication between the cavernous sinus and the carotid arterial system. Such lesions can be divided into direct and indirect types based on their anatomy. A direct CCF entails a direct connection between the cavernous segment of the intracavernous carotid artery and the cavernous sinus itself. An indirect (dural) CCF refers to an abnormal connection between the cavernous sinus and the branches of the carotid artery. These lesions can also be classified, based on the aetiology, as traumatic and spontaneous. Traumatic lesions are caused by penetrating head injury or major skull base fractures. Spontaneous ones account for 25% of all such lesions. 1 They may represent congenital arteriovenous malformations, which develop spontaneously or in association with atherosclerosis, systemic hypertension, collagen vascular diseases (such as Ehlers-Danlos syndrome), pregnancy, childbirth, and the puerperium. Though uncommon, spontaneous CCFs have been welldocumented in pregnancy, which is reported to be an important precipitating factor. 2 It was shown that 20 to 30% of these developed during the latter half of the pregnancy or during delivery. 2 The mechanism by which CCF ensues during pregnancy is unclear, but it was postulated that arterial hypertension associated with gestation causes pre-existing aneurysms to rupture into the cavernous sinus. 2 In our patient, however, the blood pressure was normal throughout pregnancy and delivery, so that hypertension cannot be incriminated in this instance.
Clinical presentations include proptosis (81%), diplopia (68%), cranial bruit (49%), retroorbital headache (34%), chemosis (87%), ocular motor palsies, visual loss, and increased intraocular pressure (34%). 2, 3 Theoretically, the symptoms may be aggravated during pregnancy due to the associated haemodynamic and hormonal changes, causing engorgement of the veins. Since our patient had no history of head injury and was previously asymptomatic, the CCF was more than likely de novo. Serious complication like visual impairment affects 60 to 90% of patients, and can progress if untreated. Total visual loss has been described in up to 25% of patients but may be reversible. 4 Cerebral haemorrhage could occur in 30 to 40% of patients due to drainage directly into cerebral veins. 3 Spontaneous intracranial haemorrhage from an occult CCF in pregnancy and puerperium has been reported, and it was stressed that cerebral angiography should be performed to confirm the true disappearance of a CCF. 5 Carotid cavernous fistula per se has no adverse effect on pregnancy, 6 but the potentially serious maternal complications like intracranial haemorrhage may cause fetal and maternal morbidity or even mortality. There was no retrograde flow into the cerebral vein in our patient and the blood flow was mainly reflux back into the ophthalmic and facial venous system, for which reason the risk of intracranial haemorrhage was minimal.
Although our patient complained of headache since 27 weeks of gestation, the diagnosis was made at term. Firstly, headache is a common complaint among pregnant women and there were no associated neuro-ophthalmic symptoms or any history of head injury. Thus, a rare condition like CCF is not often suspected. Secondly, even if the diagnosis had been made at 30 weeks, the management would still have been the same apart from the closer monitoring of the symptoms. The timing of treatment should be individualised; definitive treatment before delivery may have to be considered if a complication occurs in mid-or early third trimester, although it may even result in preterm delivery. 6 In the case reported by Raskind et al, 6 spontaneous CCF complicating pregnancy was successfully treated by craniotomy and surgical occlusion of the internal carotid artery during the third trimester, but the woman delivered prematurely. Although Meyers et al 7 had described the use of endovascular embolisation for treating cerebral artery aneurysms during pregnancy, the use for CCF during pregnancy has not been reported. The commonly expressed concern was the potential fetal abnormalities and the development of childhood cancer due to radiation exposure. We decided to deliver our patient at 37 weeks, because fetal prematurity would not be a concern, and termination of the pregnancy could facilitate maternal management without fetal irradiation during imaging and endovascular embolisation. Concerning the mode of delivery, there was no previous report or study examining the safety of vaginal delivery. For our patient, we recommended caesarean section to avoid the Valsalva manoeuvre which could cause a further increase in intra-ocular pressure 8 and may cause visual loss. Also labour pain may increase arterial pressure and increase the risk of CCF rupture during vaginal delivery.
The rate of spontaneous resolution of dural fistulae varies from 6% to 43%. 3 However, spontaneous improvement of CCFs during or just after pregnancy appears to be rare. 9 Toya et al 10 reported such an occurrence in a patient with a dural CCF, which ensued 21 days after an abortion at 12 weeks of gestation. Hirata et al 9 described a case of marked regression of a CCF 2 to 3 days after delivery, and speculated that spontaneous improvement in CCF after pregnancy was due to cavernous sinus thrombosis related to changes in blood coagulation that occur during pregnancy and delivery. In our patient, spontaneous improvement of symptoms was not observed. Endovascular embolisation was indicated as the patient had intolerable headache and an audible bruit even weeks after delivery. 9, 11 Barrow et al 11 proposed the following as indications for treatment of a spontaneous CCF: (1) visual deterioration; (2) obstructive diplopia related to vascular engorgement and enlargement of the extraocular muscles or neural compression within the cavernous sinus; (3) intolerable bruit or headache; and (4) malignant proptosis with untreatable corneal exposure. In general, the goals of endovascular embolisation were to occlude the retrograde drainage channel to the ophthalmic vein causing ocular symptoms; occlude the retrograde drainage channels to the superficial middle cerebral vein that might cause cerebral venous hypertension and haemorrhage; and obliterate the dural CCF. 12 In our case, embolisation was performed via transfacial catheterization of the superior ophthalmic vein through the retromandibular vein. This method was recommended by Yu et al 12, 13 based on the venographic classification of the dural CCF.
In conclusion, headache is a very common but non-specific complaint in pregnancy. Carotid cavernous fistula may present simply with headache in the absence of other symptoms. Without a high index of suspicion, the diagnosis can be delayed or missed. Meticulous clinical and radiological evaluations are crucial in making an accurate diagnosis. 3 A correct diagnosis is important, as a CCF could be associated with serious maternal complications such as blindness and intracranial haemorrhage.
